Introduction
Gram negative bacterial pathogens have complex antigenic structures expressing several protein and lipopolysaccharide (LPS) components on the surface that constitute to their serological reactivity (1) (2) (3) (4) . This serological characterization based on the antigenic determinants of antigens expressed on the bacterial cell surface is of importance in the diagnosis of bacterial species. Bacterial strains carrying identical or similar antigenic components present on the surface might also react with antibodies produced against other strains (1) (2) (3) .
Several reports have been published about the antigenic relationships between different members of the enterobacteriaceae family, Gram-negative bacteria or other bacterial species (5) (6) (7) . Some of these reports have also suggested the possibility of using the common antigenic determinant(s) as immunodiagnostic marker(s) among those groups of bacteria. In this study, we tried to demonstrate the immunogenicity of surface components of three highly pathogenic Gram-negative bacteria, Vibrio cholerae O1, Shigella flexneri 2a, and Haemophilus influenzae b in rabbit model. The serological cross reactivity and the degree of antigenic relatedness among these three bacterial pathogens were also investigated.
Materials and Methods
Bacterial strains and preparation of surface materials Three pathogenic bacterial strains (Vibrio cholerae O1, Shigella flexneri 2a, and Haemophilus influenzae b) were obtained from the stock cultures of the Department of Microbiology, University of Dhaka, Bangladesh. The V. cholerae O1, S. flexneri 2a were grown separately in Brain heart infusion broth at 37 o C for 24 h and harvested by centrifugation at 10,000× g for 10 min. The H. influenzae b strain was grown on Chocolate agar and harvested by scrapping the cells in phosphate buffered saline (PBS, pH 7.2). Preparation of bacterial surface material has been described previously (8) . Briefly, the bacterial pellet was washed twice with PBS and resuspended in 10 volumes of sterile distilled water. The suspensions were shaken (approximately 120 rpm) at room temperature for 8 h and centrifuged at 12,000× g for 15 min. The supernatants containing the surface materials were passed through 0.45 µm millipore filter and kept at -20 o C in aliquots.
Antisera
Antisera against surface materials of each bacterial strain were raised in duplicate rabbits. New Zealand White rabbits (1.5-2.0 kg body weight) were separately injected intramuscularly with surface material (50 μg/kg body weight) emulsified with equal volume of Freund's complete adjuvant followed by two boosters with Freund's incomplete adjuvant at fortnight intervals. The rabbits were bled for sera 15 days after second booster and the antibody titer was checked by agglutination.
Enzyme linked immunosorbent assay (ELISA)
ELISA with bacterial surface components of the three bacteria versus different dilutions of homologous and heterologous antisera was conducted in 96-well microtitre polystyrene plate (Nunc, Denmark). The wells were divided into three sets and each set was coated with 100 μl (1-2 μg/well) of a particular bacterial surface protein diluted in PBS (pH 7.2) overnight at 4 o C. The wells were blocked with 200 μl of 1% (w/v) bovine serum albumin in PBS by incubating the plate at 37 o C for 1 h. One hundred microliter of homologous or heterologous antisera, with an initial dilution of 1:50 and subsequently at two-fold dilutions in PBS, were added to each antigen coated wells. Sera from healthy rabbits diluted at 1:50 were used as control. The plate was incubated at room temperature for 2 h and washed thrice with PBS containing 0.05% Tween 20 (PBS-T). One hundred microliter of diluted anti-rabbit polyvalent antibody conjugated with horse radish peroxidase (Sigma-Aldrich, USA; 1:20,000 dilution) was added to each well and incubated at room temperature for another 2 h. The wells were finally washed and added with 200 μl of substrate solution [10 mg of O-phenylenediamine and 4 μl of H 2 O 2 (30% v/v) in 10 ml of sodium citrate buffer, pH 4.5]. The plate was placed in a dark chamber and the optical density (OD) was recorded at 490 nm in a microplate reader (BioRad, USA) after exactly 25 min. The absorbancy data were taken for further analysis subtracting the average OD value obtained from healthy sera.
Western blot
Western blot was done according to the method described previously (9) . The bacterial surface materials were separated in 12% SDS-PAGE gel and then transferred onto a nitrocellulose membrane. After transfer, the nitrocellulose membrane was kept in 3% skim milk powder solution for 2 h, followed by incubation at room temperature for 2 h with homologous or heterologous sera (1:50 dilution) raised in rabbits as described above. After three times washing with PBS-T, the nitrocellulose membrane was incubated with alkaline phosphatase conjugated goat anti-rabbit IgG (Sigma-Aldrich, USA), at a dilution of 1:5,000 at room temperature for 1 h. The membrane was washed thrice and visualization of antigenic bands was achieved by adding the substrate solution consisting of nitro blue tetrazolium salt and 5-bromo-4-chloro-3-indolyl phosphate (Sigma-Aldrich, USA). The reaction was stopped by flooding the membrane with distilled water. The apparent molecular weight of each antigenic band was estimated by comparing with the linear regression curve obtained from the negative log 10 values of electrophoretic relative mobility (R f ) versus the molecular weights of the marker proteins.
Results and Discussion
Antigenic determinants expressed on the bacterial cell surface are of importance in the serological characterization and microbiological diagnosis. The bacterial strains carrying these identical or similar antigenic epitopes might react with antibodies produced against other strains (1-3). This serological cross-reactivity might be based on the lipopolyccharide or the protein components present in the bacterial surface materials (4) . In this study, the indirect ELISA showed strong immunogenicity of the V. cholerae O1, S. The Western blot analysis also revealed high degree of cross reactions between the surface components of the three bacterial species. At least for antigenic bands (113, 91, 88, 46 and 36 kDa) of the surface components from all the three bacterial species reacted strongly with both homologous and heterologous antisera, suggesting common distribution of antigens/epitopes in these bacterial species (Figure 4) . Serological relationships have been revealed previously between different members of the Enterobacteriaceae family, e.g., between Salmonella and Citrobacter, Escherichia and Shigella, Escherichia and Proteus strains, etc. (5). Serological cross reactions have also been demonstrated between three Gram-negative bacteria, e.g., Proteus, Escherichia and Salmonella. These cross reactions are mostly based on the heat stable LPS antigens or common outer membrane protein antigens (6) .
In this study, all these results strongly suggest that the surface components of V. cholerae O1, S. flexneri 2a, and H. influenzae b are highly immunogenic in rabbit model, when given intramuscularly. Some of the specific antigenic components may be of great use in differential diagnosis and seromonitoring of the bacterial diseases. The high antigenic cross-reactivities, on the other hand, could be a problem for differential diagnosis and could be overcome by excluding the common antigens/epitopes found in the surface components of these three bacterial species. The humoral immune response plays a very important role in protecting against bacterial infections. The degree of antigenic cross-reactivities and similarity in biological activities have been well established among Aeromonas and Vibrio spp. and immunization with one bacterium has protected the challenge infection with other (10, 11) . This study, thus gave a clear idea of the level of antigenic sharing and variations among the pathogenic V. cholerae O1, S. flexneri 2a, and H. influenzae b strains, which in the future, may help in selecting a proper candidate for vaccines and immunodiagnostics development.
